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@ Magneto-optical element and magnetic field measurement apparatus. 



(g) The present invention relates to a magneto- 
optical element which is made of a bismuth- 
substituted rare earth Iron garnet crystal of a 
formula 

(BixGdYRzY3.x.Y-z) (Feg^wGawjOij, 
wherein R designates an element selected 
among rare earth elements, wherein 0.8 < X < 
1.3. 0.1 < Y < 0.3, 0.1 < Z < 1.0 and 0.3 < W s 
0.8. The magneto-optical element has a con- 
stant sensitivity less than ±4.0 % between -50 
and +100 ''C around room temperature. Further, 
a magnetic field measurement apparatus conv 
prises the magneto-optical element and a light 
source of a central wavelength in the 0.8 p.m 
band. A magnetic field measurement apparatus 
with use of the magneto-optical element Is 
stable against temperature change for practical 
use. 
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EP 0 510 621 A2 

BACKGROUND OF THE INVENTION 
Fidid of the Invention 

5 The present Invention relates to a magneto-optical element which makes use of the Faraday effect and to 

a magnetic field measurement apparatus for detecting and measuring a magnetic field Intensity with use of the 
rnagnelo-opticai element. 

Description of the Prior Art 

io 

Recently a magnetlcfleld measurement apparatus which combines a magneto-optical element of the Fara- 
day effect with optical fibers is proposed in order to measure a magnetic field intensity optically (K. Kyuma et 
al. IEEE Journal of Quantum Electronics Vol. QE-I8N0. 10, 1619(1982)). 

In such a magnetic field measurement apparatus as mentioned above an electrical current is detected by 
i5 measuring the magnetic field intensity generated around an electrical conductor through which the electrical 
cun-ent flows. This method has a characteristic that electromagnetic induction noises are not detected or elec- 
trical Insulation is good because light is used for transmission. Therefore the method Is applicable to a trans- 
mission and distribution equipment of electric power. 

Fig. 1 shows a principle of a method of measuring a magnetic field by using the Faraday effect. In Fig. 1 
20 a magneto-optical element 1 is placed In a magnetic field H. A light which has been polarized lineariy by a po- 
larizer 2 Is transmitted through the magneto-optical element 1. The polarization plane is subjected to rotation 
in proportion to the magnetic field Intensity H according to the Faraday effect. The lineariy polarized light which 
has been subjected to rotation transmits an analyzer 3 which is arranged to change the polarization direction 
of transmitted polarized light by 45** and the magnitude of the Faraday rotation angle 0 is converted to a change 
25 in light intensity. The optical output Pout In this measurement is given by the following equations (1) and (2): 

Pout = K(1 + sin 20), (1) 

and 

0 = CHL, (2) 

wherein K Is a proportional constant L Is a length (cm) of a crystal of the magneto-optical element 1 (refer Fig. 

30 1) the Faraday rotation angle © is expressed In unit of degree and C is a sensitivity constant In unit of degree- 
/cm Oe which expresses the sensitivity of the magneto-optical element 1 . 

It is proposed to arrange a plurality of magnetic field measurement apparatus with use of the above- 
mentioned principle at points along a transmission and distribution line to send their electrical outputs of the 
apparatuses to a computer wherein for example the zero phase curent In the transmission and distribution line 

35 is detected with use of a reference signal obtained by adding or subtracting the waveforms of the electrical out- 
puts and the occunrence of accidents in the transmission and distribution line is judged. 

As a magneto-optical sensorwhich can be used in such a magnetic field measurement element a rare earth 
Iron garnet crystal is disclosed which can be expressed by a following chemical fomiula (3) wherein 1 .0 ^ X ^ 
1 .4 and 0.1 ^ Y :S 0.7 (USP 5.075,546): 

^ BixGdYY3.<x*Y)Fe50i2. (3) 

In the prior art rare earth iron garnet crystal yttrium is substituted partially by bismuth in order to increase the 
Faraday rotation angle © or the sensitivity C while yttrium Is substituted partially by gadolinium In order to Im- 
prove the temperature characteristics. As shown in Fig. 2. the temperature change In sensitivity constant C of 
the prior art crystals is within ±2.5 % in a temperature range between -20 **C and +80 °C. 

45 However a magnetic field measurement apparatus constructed with use of the prior art magneto-optic ele- 
ment has problems practically on the temperature characteristics the sensitivity and the precision of measure- 
ment At present no magneto-optical element of bismuth substituted rare earth Iron garnet crystal can be used 
practically for a magnetic field measuring apparatus due to bad temperature characteristics. Further, if a light 
source of 0.8 nm band is used for a prior art bismuth substituted rare earth iron garnet crystal the output light 

so intensity of the magnetic measurement apparatus becomes small due to the loss of optical absorption in a crys- 
tal and the SN ratio decreases to worsen the precision. 

Therefore if a magneto-optical element which has a smaller loss of optical absorption than the prior art bis- 
muth substitution rare earth iron garnet crystal is provided the SN ratio can be improved and the measurement 
precision can be Improved. Further If a short wavelength light source of 0.8 ^m band is used, the Faraday ro- 

55 tation angle © becomes larger than in case of 1.3 nm band, so that the sensitivity constant C of the crystal 
increases. If the sensitivity constant C increases, the thickness of an element to be used can be decreased 
and tiie time required for crystal growtfi can be shortened with use of a liquid phase epitaxy technique or a gas 
phase crystal growth technique. 
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SUMBflARY OF THE INVENTION 

The present Invention has been developed with a view to substantially solving the above-mentioned prob- 
lems and has for its object to provide a bismuth substituted rare earth iron garnet crystal which has no problem 
5 as to a temperature change around room temperature has a large sensitivity constant and has a small light 
absorption loss in 0.8 fim band, and to provide a magnetic field measurement apparatus wherein the bismuth 
substituted rare earth iron garnet crystal Is used as a magneto-optical element 

The present invention solves the above-mentioned problems and provide a magneto-optical element made 
of a bismuth-substituted rare earth iron garnet of a chemical formula 

{BixGdYRzY3.x.Y.2)(Fe5.wGaw)Oi2. (4) 
wherein R designates an element selected among rare earth elements. 0.8 ^ X ^ 1.3, 0.1 ^ Y ^ 0.3, 0.1 ^ Z s 
1.0 and 0.3 ^W^ 0.8. 

Further the present invention provide a magnetic field measurement apparatus for detecting a change in 
magnetic field intensity wherein a magneto-optical transducer with use of the magneto-optical element is pro- 
15 vided. 

An advantage of the present invention Is that the magneto-optical element has a temperature change of 
the sensitivity constant less than ±4.0 % in a temperature range between -50 and -i-l 00 °C and that the magnetic 
field measurement apparatus with use of the magneto-optical element is stable in the temperature range for 
practical use. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present invention will become dear from the following descrip- 
tion taken In conjunction with the prefenred embodiments thereof with reference to the accompanying drawings 
25 and in which: 

Fig. 1 is a diagram for showing the principle of magnetic field measurement with use of the Faraday effect; 
Fig. 2 is a graph of temperature change of sensitivity constant of prior art (BiGdY)IG crystals; 
Fig. 3 is a graph of temperature change of sensitivity constant of magneto-optical elements according to 
the present invention; 

30 Fig, 4 is a graph of temperature change of sensitivty constantof a magneto-optical element which has the 

smallest temperature change of sensitivity constant among magneto-optical elements; 
Fig. 5 is a graph of comparison data on the temperature change of sensitivity constant of prior art (BiGdY)IG 
crystals plotted against Gd substitution amount; 

Fig. 6 is a graph of comparison data on the temperature change of sensitivity constantof prior art (BiGdY)IG 
35 crystals plotted against Gd substitution amount; 

Fig. 7 Is a graph of comparison data on the temperature change of sensitivity constant of a bismuth sub- 
stituted rare earth iron garnet crystal which has the smallest temperature change of sensitivity constant 
among prior art (BiGdY)IG crystals; 

Fig. 8 is a diagram for illustrating the Faraday effect of bismuth substituted rare earth iron garnet crystals, 
40 Fig. 9 is a schematic diagram of an embodiment of a magnetic field measurement apparatus with use of 
a magneto-optical element according to the present invention; and 

Fig. 10 is a graph of transmission spectra of a magneto-optical element according to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED ElViBODIiViENTS 

45 

An embodiment of the present invention will be explained below with reference to drawings. 
Bismutii substituted rare earth iron garnet crystal of a chemical formula 

(BlxGdyRzYa-x-Y-z) (Fe^. wGaw)Oi2. (4) 
wherein R designates an element selected among rare earth elements are grown on a Ca-Mg-Zr substituted 

50 Gd3Ga50i2 single crystal substrate with a liquid phase epitaxy technique witKuse of BiaOa-PbO-BaOa flux. Table 
1 shows examples wherein the numerical values represent the composition ratios X Y, Z and W for each ele- 
ment The temperature change of sensitivity constant C (Eq. (2)) of a crystal is measured for the prepared sam- 
ples in a temperature range between -50 - +1 00 X which is wider than an ordinary temperature range between 
-20 - +80 °C. The results are compiled to show temperature characteristics. The samples for which a # mari< 

55 is added In the column of the temperature change in sensitivity constant are outside the scope of the present 
invention. 

In order to decrease the temperature change of sensitivity constant C and the loss of optical absorption of 
bismuth substituted rare earth iron garnet crystals especially when a 0. 85 nm light source is used, iron is sub- 
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stituted partially with gallium. On the other hand the substitution amount X, Y of bismuth and gadolinium for 
yttrium is controlled against the substitution amount W of Iron with gallium. Further In order to improve the lattice 
matching of the single crystal films grown on a substrate yttrium is substituted with lanthanum which has an 
ionic radius closest to that of bismuth. Thus a magneto-optical element of better crystallinity for magnetic field 
measurement apparatus can be obtained. 

Though lanthanum is used as an element R for crystal matching in the samples one or more of rare earth 

W.W....W....WI wMii uowu uii wiv^iiiwufc ix III LUC? wiiciiiiuai lui iiiuici. Ill auuii duuauLUiiUM II iS ueuci UlBl Kit? bUU£>Ll- 

tution element is a non magnetic element which has no effect on the saturation magnetization of bismuth sub- 
stituted rare earth iron garnet crystal. 

Furtherwhen a substrate of the lattice constant different from that of Ca-Mg-Zr substituted Gd3Ga50i2 crys- 
tal substrate is used a bismuth substituted rare earth Iron garnet crystal of good temperature characteristic can 
be grown by substituting with one or more of rare earth elements as R In the chemical formula (4) for crystal 
matching. 

Fig. 3 displays data on temperature change measured with use of 0.85 ^m light source for samples des- 
ignated with marks * in Table 1 wherein the data is normalized wit the sensitivity constant at room temperature. 

Among the samples No. 9 sample (refer Table 1) of (Bii.3Gdo.iRo.iYi,5) (Fe4.4Gao.6)Oi2 has the best tem- 
perature characteristic of temperature change of ±0. 4 % as shown in Fig. 4, which is not realized previously. 
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Table 1 Composition of rare earth iron garnet crystal 
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A bismuth substituted rare eartii iron garnet for a magneto-optical element according to the present inven- 
tion is represented by the above-mentioned chemical fomiula, 
55 (BixGdYRzY3.x-Y-z){Fe5.wGaw)0,2. (4) 

wherein R designates an element selected among the rare earth elements and lanthanum is used in the em- 
bodiment as displayed in Table 1. A crystal according to the present invention has the temperature change of 
sensitivity constant C less than ±4 % in a temperature range between -50 and +100 ""C. As shown in the data 
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of the samples without # mark compiled in Table 1Jt is preferable that the composition designated by X, Y, Z 
and W satisfy the following relations: 0.8 ^ X ^ 1 .3. 0.1 £ Y ^ 0.3, 0.1 ^ Z ^ 1 .0 and 0.3 ^ W ^ 0.8. Further, it is 
more preferable that the temperature change of sensitivity constant C is less than ±1 .2 % in a temperature range 
between -50 and +100 °C. Therefore, It is more preferable that the composition designated by X, Y, Z and W 
5 satisfy the following relations: 0.8 ^ X ^ 1.3, 0.1 ^ Y ^ 0.2, 0.1 ^ Z ^ 0.9 and 0.3 ^ W ^ 0.8. Further, It is still 
more preferable that the temperature change of sensitivity constant C Is less than ±0.6 % In a temperature range 

W satisfy the following relations: X = 1.3, Y = ^ 0.1, Z = 0.1 and 0.5 ^ W ^ 0.8. The best composition Is 
(Bii.3Gdo.iRo.iYi.5) (Fe4.4Gao.6)Oi2 (No. 9 sample). 

10 For comparison Fig. 5 shows data on temperature change measured with use of 0. 85 ^m light source for 
prior art samples of BixGdyYa. (x+Y)Fe50i2 (3) wherein 1 .0 ^ X ^ 1 .4, 0. 1 ^ Y ^ 0.7. Fig. 6 displays the temperature 
change of sensitivity constant against Gd substitution amount obtained from the data of Fig. 5. As shown in 
Fig. 6, the temperature change of sensitivity constant of the prior art crystals is ±7.0 % or less in a temperature 
range between -50 and +100 °C. On the contrary the temperature range to be used practically is broaden by 

15 50 °C for a magneto-optical element of the present invention compared with that of the prior art element That 
is the temperature change of magnet-optical element of the present invention becomes more flat That is the 
temperature characteristics of the best data are improved largely from ±1.0 % or less to less than ±0.4 % in 
the temperature range between -50 and +1 00 ''C if compared with the best prior art data of Fig. 7, and the sen- 
sitivity constant C of the best crystal nearly changes against the temperature in the temperature range. 

20 The improvement is found notonlyfora 0. 85 ^m lightsource but also for a light source of other wavelengths 
which transmits a garnet crystal. 

Further though the above-mentioned data relate to crystals grown on a Ca-Mg-Zr substituted Gd3Ga50i2 
substrate, similar results are obtained for crystals grown on a NdaGasO^a substrate in various crystal growth 
conditions. 

25 Further, it is possible to grow a crystal epitaxiaiiy on the substrates with a gas phase crystal growth tech- 
nique. 

In any of the above-mentioned crystal grown techniques, in some conditions, a magnetD-opticai element 
made of a bismuth-substituted rare earth iron garnet crystal of the chemical formula (4) of 0.8 ^ X £ 1 .3, 0.1 ^ 
Y ^ 0.3, 0.1 ^ Z ^ 1 .0 and 0.3 ^ W ^ 0.8 may not be grown epitaxiaiiy, and a polycrystalline or a sintered sample 
30 is grown. Even such a polycrystalline or sintered magneto-optical element can be used practically though the 
optical absorption loss increases a little. 

A basic theory for obtaining good temperature characteristics are as follows: An rare earth iron garnet is 
a ferrimagnet, and the Faraday effect saturates at a certain magnetic field, as shown in Fig. 8. As to magnetic 
field measurement, a part which changes linearly against external magnetic field is used. In this case the ro- 
35 tation angle 0 Is expressed by the following Equation (5): 

© = ©f(H/Ms)L, (5) 

wherein © is saturation Faraday rotation, Ms is the saturation magnetization and L is a crystal length. Therefore, 
the sensitivity constant C and its temperature dependence is defined by the following Equation (6): 

C(T) = ©f(T)/Ms(T)- (6) 

40 As shown in Eq. (6), the temperature change of sensitivity constant C is determined by the temperature 
changes of ©f and Ms- 

The rate of temperature change of Ms(T) agrees more with ©f(T) for a rare earth iron garnet crystal ac- 
cording to the present invention wherein gallium Is used for substitution of iron and the substitution amounts 
X, Y of bismuth and gadolinium of yttrium are controlled. 

45 To sum up, the Faraday rotation angle © of a bismuth substitution rare earth iron garnet becomes larger 
by about one digit if compared with a prior art rare earth iron garnet without bismuth substitution. Therefore, 
the sensitivity of magneto-optical element can be increased by substituting yttrium with bismuth as much as 
possible. Further by substituting yttrium with gadolinium, temperature compensation due to the substitution of 
yttrium with bismuth is performed in order to improve the temperature characteristics. On the other hand, iron 

50 is substituted with gallium in order to decrease the optical absorption loss of the crystal in the 0.8 ^m band. On 
the contrary, in a prior art rare earth iron garnet crystal BixGdYY3.p(4.Y)Fe50i2 (3), iron is not substituted with 
gallium. Therefore, the temperature change of sensitivity constant C becomes more constant for the present 
invention and the temperature characteristic is improved. Still further, yttrium is substituted with at least one 
rare earth element in order to improve the crystal matching against a substrate. Thus the composition of each 

55 element is controlled to have good temperature characteristics. 

Next, Table 2 shows the data on the absorption coefficient and on the sensitivity constant of rare earth iron 
garnet crystals as well as those of prior art crystals wherein K is absorption coefficient 
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The data of Table 2 shows that the absorption coefficient K especially in 0.8 band becomes small by 

25 the gallium substitution and that the sensitivity constant C increases according to Eq. (6) because the saturation 
magnetization Ms decreases due to the substitution of iron with non magnetic Ion. 

In a prior art rare earth iron gamet crystal of chemical fonmula (3) wherein iron is not substituted with gallium, 
about 1 00 ^m is necessary in order to use It for a magneto-optical element. On the contrary, the film thickness 
can be decreased to about a half for a magnetD-optical element of the present invention, and the growth time 

30 can be shortened and the productivity of crystal can be improved. 

Further, the optical absorption loss as a magneto-optical element is decreased because the film thickness 
is decreased. In a prior art rare earth iron garnet crystal of chemical formula (3) wherein Iron is not substituted 
with gallium, the output light intensity is small and the measurement precision is bad when a light source of 0.8 
nm band is used. On the contrary, the SN ratio Increases and the precision of measurement is Improved for a 

35 magnetic field measurement apparatus with use of a magneto-optical element according to the present inven- 
tion. Further, a light-emitting element and a photosensitive element of short wave 0.8 \xm band can be used 
which can be manufactured at a lower cost than those of longer wavelength 1 .3 ^m band, and a magnetic field 
measurement apparatus can be provided at a lower cost. 

Fig. 9 shows an Embodiment of magnetic field measurement apparatus with use of a magneto-optical ele- 

40 ment mentioned above, A magneto-optical element 1 is a No. 9 sample of (Bii.3Gdo,iRo.iYi.5) (Fe4.4Gao.6)Oi2 
(refer Table 1) of thickness, 3.9 ^m. The numerical number 2 designates a polarizer provided near an end face 
of the magneto-optical element 2. The numerical number 3 designates a analyzer provided near another end 
face of the magneto-optical element so as to make the polarization direction of transmitted light tilted by 45** 
against the polarizer 2. The polarizer 2 and the analyzer 3 are made of a polarization plate of glass for a making 

45 their sizes small. A magneto-optical transducer composed of the magneto-optical element 1, the polarizer 2 
and the analyzer 3 is arranged in a magnetic field (H) to be measured or in a gap of metallic core which is used 
to intensity the measurement magnetic field. Especially, the magneto-optical transducer including the polarizer 
2 and the analyzer 3 made of glass has a compact size, so that the gap of the metallic core can be narrowed. 
Then, the sensitivity of the magnetic field measurement apparatus can be improved. The reference numeral 

50 designates a lens which makes an incident light to the magneto-optical transducer or a transmission light from 
the magneto-optical transducer collimate. That is, the lens 4 provides a collimated light The reference numeral 
5 designates an optical fiber which forms an optical transmission line. The reference numeral 6 designates an 
optical signal generator which is made of a light emitting diode or a laser diode of 0.8 ^m band or of 1.3 ^m 
band. 

55 Fig. 10 displays a graph of optical transmission spectra of No. 9 sample of (Bii.3Gdo.iRo.iYi.5) 
(Fe4.4Gao.6)Oi2. If a bismuth substituted rare earth iron garnet crystal according to the present invention is used 
for a magnetic field measurement apparatus as shown In Fig. 10, the transmission rate is required to be 35.0 
% or more. If a light source of central wavelength of 0.8 ^m band is used, the Faraday rotation angle © increases 
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four times compared in case of a light source of 1 .3 \irr) band. Therefore it is found necessary that a light source 
of central wavelength of 0.78 to 0.90 ^m, as displayed in Fig. 1 0 as a hatched area, Is necessary for a magnetic 
field measurement apparatus. Then, in this embodiment, a light emitting diode of peak wavelength of ^=0.85 
Is used. The reference numeral 7 designates a detection means for detecting light after the transmission 
5 of the element 1 to convert to an electrical signal, such as Ge photodlode, SI PIN photodlode or the like. In this 
embodiment, a SI PIN photodlode Is used because a light emitting diode of 0.85 ^m. The reference numeral 8 

fiaCflnn^t-af o ot/^nol r%rj-»/Nenf If ry«<^nn<->fi>^ finiA wryt-^^fm i^0-^j4 i./II-ki i-USi^ ^t^^^i^^t^ tr^ mn^^Mnf'Si^ flr^tA rsf 4 Of* r\r%. ^«» 

less is measured in a temperature range between -50 and +100 °C at a high precision of a change of meas- 
urement sensitivity of ±0.5 % or less which is never realized previously. It is also possible to use the polarizer 

10 2 and the analyzer 3 of Gran-Thompson prism or of polarized beam splitter instead of glass polarization plate. 
As explained above, magnetic field intensity can be measured In a wider temperature range never realized 
before, without affected by temperature range around room temperature with a good sensitivity and with a high 
precision, with use of a magneto-optical element and a magnetic field measurement apparatus with use of the 
present invention according to the present invention. Such an element and an apparatus can be manufactured 

15 at a low cost, and this is valuable for a practical use. 

Though the present invention has been fully described in connection with the preferred embodiments there- 
of with reference to the accompanying drawings, it is to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and modifications are to be understood as included within 
the scope of the present invention as defined by the appended clainris unless they depart therefrom. 

20 



Claims 



1. A magneto-optical element made of a bismuth-substitution rare earth iron garnet crystal of a chemical for- 
25 mula 

(BixGdyRzYa. x- y- z) (Fes. wGaw)0i2, 
wherein R designates an element selected among rare earth elements, wherein 

0.8^X^1.3. 
0.1 SY^O.3, 

30 0.1:^2^1.0 
and 

0.3 ^W^ 0.8. 



2. A nrtagneto-optical element according to Claim 1 , wherein 
35 0.8^X^1.3, 

0.1^Y^0.2, 
0.1 ^Z^ 0.9 

and 

0.3 ^W^ 0.8. 



40 



45 



A magneto-optical element according to Claim 1, wherein 

X = 1.3, 
Y = 0.1, 
Z = 0.1 

and 

0.5 ^W^ 0.8. 



4. A magneto-optical element according to Claim 1 , wherein the crystal has a composition of 

(Bii.3Gdo.i Ro.i Yi^) (Fe44Gao.6)Oi2. 

^ 5. A magneto-opticai element according to Claim 1 , wherein said element R Is lanthanum. 

6. A magneto-optical element according to Claim 1 , wherein said crystal is a single crystal. 

7. A magneto-optical element according to Claim 1, wherein said crystal is polycrystalline or sintered mate- 
55 rial. 

8. A magneto-optical element according to Claim 1 , wherein said crystal is grown epitaxially on a single crys- 
tal garnet substrate. 
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9. A magneto-optical element according to Claim 8, wherein said garnet crystal substrate Is a Ca-Mg-Zr sub- 
stituted GdsGasOia substrate or a Nd3Gd50i2 substrate. 

10. A magnetic field measurement instrument, comprising: 

a magneto-optical transducer Including a polarizer, an analyzer and a magneto-opbcal element 
placed between the polarizer and the analyzer, the magneto-optical element being made of a bismuth- 
substitution rare earth Iron garnet crystal of a chemical formula 

(BixGdyRzYa-x-Y-z) (Feg. wGaw)0i2. 
wherein R designates an element selected among rare earth elements, wherein 

0.8 ^X:^ 1.3, 
0.1 ^Y^O.3, 
0.1 ^Z:^1.0 

and 

0.3£W:$0.8, 

the analyzer being provided so as to malce the direction of transmitted light through the magneto-optical 
element different from that of the polarizer; 

a first optical transmission line connected via the polarizer at an end of the magneto-optical element 
of the magneto-optical transducer; 

a light source for generating light to the first optical transmission tine; 

a second optical transmission line connected via the analyzer at the other end of the magneto-opt- 
ical element of the magneto-optical transducer; 

an optical sensor for detecting an optical outputfrom the second optical transmission line to convert 
to an electrical signal; and 

a signal processor for processing an electrical output signal from the optica! sensor; 

wherein a magnetic field Is measured by placing the magneto-optical converter in a magnetic field 
and by detecting a change in intensity of output light with the signal processor when the incident light trans- 
mits the magneto-optical transducer. 

11. A magnetic field measurement apparatus according to Claim 10, wherein said light source generates a 
light having a pealc wavelength between 0.78 and 0.90 ^m. 
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